The concept of good chapati varies from individual to individual and depends mainly on the rheological properties of the dough used to prepare the chapaties. The research project was largely built around two type of plant meterials, the tall traditional cultivars of the pre-dwarfing era, and three backcross recombinant populations (BC 1 F 5 generation) C 273/PBW 343//PBW 343 (70 lines), C 306/PBW 534//PBW 534 (70 lines) and C 518/ PBW 343//PBW 343 (80 lines). Association of traits studied with chapati score in set of cultivars and genetic stocks Starch pasting characteristics showed mild negative correlation with chapati quality, which is again contrasting, to the requirements of bread making. The correlations were not consistent over years possibly due to environmental factor (temperature, rainfall, fertilizer and irrigations etc.) and due to change in the constitution of the set. Similarly mixographic traits showed negative association chapati making quality. The correlations which prevail in the populations carry much greater weight as these have persisted over several rounds of recombination and are likely to reflect under lying causes of superior chapati quality. As various components of chapati quality would be disassembled, the relative levels of correlations for individual traits would be uncovered. Among the starch pasting characteristics, final viscosity and setback were consistently negatively associated with the chapati making quality. In case of the mixographic traits, mixing tolerance index is negatively associated whereas rate of dough development has consistent positive correlation with chapati quality.
INTRODUCTION
Wheat is the leading cereal grain produced, consumed and traded in the world. It is the second most important crop after rice in India and grown on around 30 mha area. In India, the annual wheat production was 98.37 million tonnes whereas global wheat production was estimated at 735.3 million tonnes during 2015 -16, (Anonymous, 2016 . Since there are large differences in grain quality requirements for major baked food types such as bread, pastries, noodles, and cookies etc., the grain quality required to produce flat bread, like Indian chapati is different from that required to make a pan type bread. The technological interventions for processing of wheat floor depend mainly on the reheological properties of the dough used to prepare the chapaties. Sinha and Singh (1974) studied the rheological characteristics of 25 varieties from the four wheat growing states on the farinograph and categorized those for different purposes. Studies on the rheological aspects of improved wheat varieties were conducted by Austin and Hanslas (1983) . The authors observed that for chapati making medium strong dough is the ideal choice. Rao et al (1989) studied the effect of damaged starch on the functional quality characteristics of whole meal flour used for chapati-making. Damaged starch in the flour was positively correlated to the diastatic activity and flour water absorption. Saxena et al (1997) tried to correlate the physicochemical and rheological characteristics of wheat flour with the tandoori roti quality, using eight com-mercial wheat cultivars (PBW 154, PBW 175, PBW 229, PBW 138, WL 1562, CPAN 3004, GW 180 and K 8804) grown at one location. Varieties with high water absorption capacity gave roties with better quality. Rheological properties were improved upon adding isolated arabinoxylans of good chapati making varieties to flours. Interestingly, addition of isolated arabinoxylans of good chapati making varieties to poor chapati making varieties had significantly improved the chapati quality (Das et al, 2006; Hemalatha et al, 2006) . Sensory studies showed that chapatis prepared from flour added with arabinoxylans of good chapati varieties had soft texture and high overall quality scores. (Hemalatha et al 2013) reported that due to their high water binding capacity water soluble arabinoxylans are known to play an important role in rheological properties of dough, retrogradation of starch and breadmaking quality. Addition of water soluble arabinoxylans to refined wheat flour significantly increased the farinograph water absorption and dough development time and also increased bread quality parameters like loaf volume, crumb structure and de-creased staling characteristics. Sasaki et al (2008) determined visco-elastic properties of wheat flours, starch and gluten-starch mixture with varying amylose content and reported that the amylase content strongly affected rheological properties of flour gels. Seib (2000) reported that the elastic response of starch gels increased with increase in amylose content in the continuous phase, the volume fraction of swollen granules, rigidity of dispersed granules and adhesion between dispersed and continuous phases. Wheat cultivars with high-amylose have been used to increase resistant starch in breads (Hung et al 2005) and to improve the texture of noodles (Morita et al 2003) . In addition, Blazek and Copeland (2008) and Singh et al (2011) reported that non-starch constituents, e.g. proteins, lipids and non-starch polysaccharides also influence rheological/viscoelastic properties of wheat flours. The present study was taken up with the aim to understand the reheological characteristics of wheat dough and their correlation with chapatimaking properties. Genotypes known to have good chapati-making characteristics are known to be grown under different production conditions. Since the growing environment plays an important role for the expression of multigenic traits such as chapati quality, studies in one environment with the genotypes known to have good quality will be helpful in understanding this trait and its association with end use quality.
MATERIALS AND METHODS

Plant material used in study:
The research project was largely built around the tall traditional cultivars of the pre-dwarfing era, which were known to excel for chapati quality. These included C 306, C 518 and C 273. The few cultivars that had emanated from crosses of these superior chapati quality wheats with dwarf wheats formed another important component of this set and included WG 357, PBW 175, PBW 154, PBW 226. Lok 1 and others as mentioned in the table 2 & 3. All the plant material was sown in a randomized complete block design in three replications with a plot size of 2 m length and four rows per plot. To represent the second set of materials, three backcross recombinant populations (BC 1 F 5 generation) derived from C 273/PBW 343//PBW 343 (70 lines), C 306/PBW 534//PBW 534 (70 lines) and C 518/PBW 343//PBW 343 (80 lines) were studied (details discussed in part I). Observations recorded: Rheological properties based on mixographic studies: The mixograph was operated using AACC (1990) approved method with 35 g flour (14% moisture basis) The mixer was run for exactly 7min using 63 percent absorption. The spring tension was kept at No.9. The curves were interpreted for different parameters as follows: -Mixing time: The Time taken by the curve from the start of the mixing to reach the peak consistency Dough Strength: It is measured as the height of the curve in cm. measured from the center of the curve at peak to the base line. Dough development area (cm uniformly. Insert the consister into the preadjusted instrument using the standard profile given below (Table 1) : The measurement cycle was initiated by depressing the motor tower of the instrument. The canister on completion of test was removed and discarded. The gelatinization temperature, peak viscosity, breaks down value, hold viscosity, setback value and final viscosity from the instrument were recorded. Chapati-making characteristics: For baking chapaties the method used in the quality laboratory Department of Plant Breeding and Genetics was employed . The chapati score was calculated using the parameters Dough stickiness (5), Puffing of chapatti (5), Texture of chapati (5), Color of chapati (5), Taste of chapati (5), Flavor of chapati (5) and Texture of chapati after 2 hrs (5). The total score was finally calculated out of a maximum of ten.
Data analysis Analysis of variance:
The material had been planted in a randomized complete block design. The analysis of variance for different traits was done as per the following model: Equation I: Y ij = m + t i + b j + e ij Y ij = observation obtained from the ith treatment and j-th block. m = general mean t i = the effect of ith treatment b j = the effect of jth block e ij = error associated with i-th treatment and j-th block The analysis of variance based on the above model takes the following form: Critical Difference (CD) to compare two genotypes was computed as follows: Equation II: CD = x t a (r-1) (g-1) Where, a = level of significance Correlation coefficients: The correlation coefficient (r) between two different observations (say X and Y) was calculated using the following formula: Equation III:
Where: x and y = means of variables s x and s y = standard deviations of x and y n = population size.
r MSE 2
RESULTS AND DISCUSSION
Genetic variation for Chapati score: Chapati score is a composite trait and is based on dough handling (stickiness of the dough), puffing of chapati, texture, taste, flavour and colour of the chapati. Conventionally, a chapati score above 8 (out of 10) represents excellent chapati quality. Significant genotypic differences were observed for chapati score of the genotypes in both the years (Table 3a and b). The chapati score showed variation between the groups of genotypes, with the tall wheats of pre dwarfing era excelling over other groups. The tall varieties not only established themselves as a distinct group with highest chapati score (Table 4 and 5). The genetic stocks, on the other hand again failed to give good chapaties thus emphasizing the fact that good chapati quality resulted from a combination of different component traits and not because of one or two traits. The advanced breeding lines in this season again showed an intermediate chapati score. Similarly, significant genotypic differences (5% level of significance) were observed for chapati score in all the three populations viz: 'A' (C273/ PBW343//PBW343), 'B' (C306/PBW534//PBW534) and 'C' (C518/PBW343//PBW343) (Table 6a , b and c). Details of variation in chapati score have already been discussed in the part I. Genetic variation for mixographic characteristics: The mixograph was initially developed to determine precisely the mixing requirements of dough. But in addition the mixograms are interpreted for other parameters like strength of dough, mixing tolerance and baking strength etc. Ideally a good baking wheat variety should have a shorter mixing time and high dough strength, baking strength and mixing tolerance values. The set of genotypes exhibited highly significant variation for the mixographic characteristics during both sea- (Table 3a and b). The mean performance of  the set of genotypes is given in table 4 and 5. The  mixographic characteristics of the three recombinant populations 'A', 'B' and 'C' are given in table  7, table 8 and table 9 respectively. The detailed results are explained below. Mixing time is the time in minutes required by the wheat flour produce optimally developed dough when mixed with water and this is indicated by the peak in dough consistency. In first year the genotypes in the tall varieties group took less time to attain the peak than the genotypes in other groups. The tall wheat C 273 however gave a high value of 2.27 min, which is significantly higher than the group average of 1.70 min. The lowest value of mixing time for first year was recorded in the tall varieties group for C 518 (1.27 min). The genetic stocks, advanced lines and the commercially grown varieties showed a mixing time which was significantly higher than tall wheats. Numerically the genetic stocks and the advanced lines gave higher values than the commercial wheats, with the stock DI 9 (a derivative of C 306) recording the highest value of 3.13 min for the season. PBW 343, the commercially grown wheat, also gave lowest value of mixing time i.e., 1.27 min. The trends for mixing time, however, got reversed in second year. The commercially grown wheats along with released varieties known for quality gave low values as compared with other groups. Variety PBW 502 of commercial group gave a value as low as 1.05 min of mixing time. However the lowest value of mixing time was recorded to be 1.0 min for Lok 1 from the released varieties known for quality group. The genetic stocks again gave high values of mixing time with WH 1003 (3.03 min) recording the highest value for the season. The tall wheats group, however, followed the trend from last season giving similar values of mixing time. This is indicative of the fact that mixing time in tall wheats was stable and was not affected by the seasonal changes. The lower mixing requirements registered by the tall varieties indicate a weaker gluten type which did not change with environmental changes that occurred over the two years of the study. The mixing time was found to be normally distributed in all the recombinant populations. The distribution was skewed towards higher side in population 'B' and towards lower side in population 'C'. The variation in mixing time was found to be higher than the parents in all the populations. The population means for mixing time were found to be nonoverlapping. In population 'A' 68 genotypes out of 70 were found to have a mixing time more than that of the parent C 273 (2.15 min) and 2 genotypes were observed in the parental range. However none of the genotypes were found to be inferior to PBW 343 (1.25 min). In population 'B' all the 70 genotypes gave values higher than that of The other parent, C 306, gave a mixing time of 1.6 min. In case of population 'C' the parental values of mixing time were observed to be 1.3 min and 1.4 min for C 518 and PBW 343 respectively. Out of 80 genotypes in this population, 78 were found to range between the parental values whereas 2 genotypes gave mixing time values higher than PBW 343. Dough strength is the ability of wheat flour to offer resistance to the stretching pressure and is measured as the height of the mixographic curve at the peak in cms. The set of genotypes showed marked differences for dough strength in first year. The advanced lines group showed high values for dough strength followed by tall wheats. However the highest value of dough strength was recorded for WG 357 (7.23 cm) from tall wheats group. These two groups were followed by commercial varieties and than by genetic stocks. The lowest value of dough strength was recorded to be 4.97 cm for DI 9. C 306 from which DI 9 is derived gave a higher value of 6.33 cm, whereas C 591 (5.60 cm) and its derivative DI 105 (5.70 cm) gave equivalent values of dough strength. The winter wheat, Glupro having high protein content, gave high value of dough strength recorded at 8.67 cm. In second year, the released varieties known for quality group gave high values of dough strength followed by tall wheats group. The tall wheat C 518 gave highest value of 6.27 cm for the season. The commercially grown wheats and the advanced lines gave comparable value but lower than the above two groups. The genetic stocks however gave lowest values in this season with HD 2793 giving lowest value of 4.87 cm in the group and comparable to the commercially grown wheat DBW 16. PBW 554, an advanced line which gave a high value of above 7 cm in first year however failed to give high value of dough strength in second year, recording a value of 4.90 cm only. In general also the dough strength values recorded were lower for the second year samples as compared to the first year. The variation in the values of dough strength was normally distributed in populations 'A' and 'C', where as in population 'B' the variation was almost equally distributed in to different classes. The transgressive segregants on higher side were observed in all the three cases. In population 'A' all the 70 genotypes gave dough strength value higher than that of C 273 (5.6 cm) whereas the other parent, PBW 343, gave a value of 5.4 cm. In population 'B' the parents C 306 and PBW 534 gave dough strength values of 6.4 cm and 6.0 cm respectively. 44 genotypes out of 70 genotypes in this population gave dough strength values higher than that of C 306, 8 genotypes were found to have values in the parental range whereas 18 genotypes yielded values lower than that of PBW 534. In population 'C' the parents C 518 and PBW 343 gave values of 6.2 cm and 5.9 cm respectively. 5 genotypes out of 80 gave values in the parental range whereas 70 were having higher values than those of C 518. 5 genotypes gave values lower to PBW 343. Rate of dough development is the rate at which dough is developed on mixing flour with water and is represented by the angle which the mixing curve forms with the longitudinal line passing through the centre of the peak. Rate of dough development was found to be significantly higher for tall wheats in comparison to other groups of genotypes in first year. Commercial wheat PBW 343 with lowest mixing time, however, showed highest rate of dough development i.e., 51.67 o . The lowest rate of dough development, as a consequence of Kumar S. et al. / J. Appl. & Nat. Sci. 10 (2): 723 -740 (2018) In this season also the rate of dough development was found to be inversely related to the mixing time. On the whole rate of dough development was lower during second year. Ideally the wheat variety with a higher rate of dough development, which implies that the energy requirements of such wheat will be lower for developing satisfactory dough, is preferred for baking. But practically the stronger wheat varieties are having lower rates of dough development due to a slower rate of water absorption by their flour. The rate of dough development was found to be normally distributed for populations 'A' and 'C'. In population 'B' however, the distribution was skewed towards lower side. The population 'C' was found to have higher mean value for this trait than other two populations. In population 'A' the rate of dough development values of the parents were observed to be 22 0 and 31 0 for C 273 and PBW 343 respectively. 35 genotypes out of 70 were found to be in between the parental values; whereas 30 genotypes were found to give values lower than that of C 273. 5 genotypes gave values higher than that of PBW 343. In population 'B' 40 genotypes out of 70 gave rate of dough development values in between the parental range. 30 genotypes gave lower values than that of PBW 534 ( 19 0 ) whereas none of the genotypes gave values higher than that of C 306 (51 0 ). In population 'C' the parental values of rate of dough development were observed to be 56 0 and 43 0 for C 518 and PBW 343 respectively. 7 genotypes out of 80 were found to give values in the parental range whereas 71 genotypes gave values lower than that of PBW 343 and 2 genotypes gave higher values than that of C 518. The rate of dough weakening is the rate at which the dough breakdown occurs when mixing is continued beyond optimum and is measured as the angle formed by the descending curve with the perpendicular line drawn from the apex to the base line. It is indicative of breakdown of dough strength when dough is over mixed and was found to be low for genetic stocks in first year. The lower values of dough weakening are preferred which means that the dough losses on its strength slowly when over mixed and in general the stronger wheats with higher baking strength exhibit lower values for dough weakening. On the whole the rate of dough weakening was lower during second year. The intermediary values recorded for the tall varieties confirm to the general belief that moderately strong wheats are better suited for baking chapaties. The rate of dough weakening was observed to be normally distributed in all the three populations. Both inferior and superior transgressive segregants were observed in all the three cases, with population 'B' having high number of inferior and population 'C' having high number of superior segregants. In population 'A' 57 genotypes out of 70 gave rate of dough weakening values higher than that of C 273 (22 0 ) whereas 5 genotypes gave Kumar S. et . The values for the mixing tolerance are almost similar for both the years of study which shows that the character is stable and can be employed for screening of the breeding materials. The variation for mixing tolerance was observed to be normally distributed in all the three populations with most of the individuals falling in between the parental ranges. However transgressive segregants on both the sides were identified in all the populations. In population 'A' the mixing tolerance of the parents was observed to be 136 0 and 129 0 for C 273 and PBW 343 respectively. 19 genotypes out of 70 gave mixing tolerance values in between the parental range, whereas 40 genotypes gave values lower than that of PBW 343 and 11 genotypes were having values higher than that of C 273. In population 'B' none of the genotypes out of 70 were observed to have mixing tolerance values lower than that of C 306 (100 0 ), whereas 20 genotypes gave values higher than that of PBW 534 (137 0 ). Remaining 50 genotypes gave values in the parental range. In population 'C' the parental values of mixing tolerance were observed to be 96 0 and 107 0 for C 518 and PBW 343 respectively. Out of 80 genotypes in this population 71 were found to have mixing tolerance values more than that of PBW 343 whereas 3 genotypes gave values lower than that of C 518. 6 genotypes were observed to have mixing tolerance values in the parental range. Dough development area is the area enclosed by the developing curve upto the peak is reached and it relates to the energy requirements for dough development. In first year the values of dough development area were found to be high for advanced lines. C 518, the tall wheat variety, gave lowest value of 9 cm 2 dough development area. . Intermediate range of values was observed for the tall wheats, which gave best chapati scores. The advanced lines PBW 534 and PBW 554 gave higher values whereas HI 1418 and HI 1479 gave low values for dough development area. Overall examination of data for the two seasons showed that the tall varieties changed little over time for dough development area. In general the stronger wheats produce mixing curves with larger dough development area. Ideally the dough development area should be lower which corresponds with the lower energy requirements for developing satisfactory dough. This fact is of greater importance in case of varieties included for use in chapati making whereas mixing of dough is generally carried through manual kneading. The populations were found to be normally distributed for dough development area, with the population mean of 'B' population being higher than other two populations. Most of the lines in the populations were observed to give higher values than the better parent in all the three recombinant populations. In population 'A' the dough development area values observed for the parents were 18 cm 2 and 9 cm 2 for C 273 and PBW 343 respectively. Only 1 genotype out of 70 was found to Kumar S. et parental values. 69 genotypes gave higher values than that of C 273 whereas no genotype was found to have value lower than that of PBW 343. In population 'B' the values of the parents, C 306 and PBW 534, observed were 11 cm 2 and 22 cm 2 respectively. Only 3 genotypes out of 70 were found to have values in the parental range whereas 67 genotypes gave values higher than that of PBW 534 and no genotype had values lower than that of C 306. In population 'C' 3 genotypes out of 80 were observed to have values of dough development area in the parental range of 10 cm 2 (C 518) and 12 cm 2 (PBW 343). 74 genotypes had values higher than that of PBW 343 whereas only 3 genotypes were having values lower than that of C 518. Baking strength is the total area under the mixographic curve and determines the suitability of a wheat variety for its end use. Baking strength of the genotypes varied from 39.00 cm 2 for PBW 502 to 51.67 cm 2 for WH 1003 in first year. The genetic stocks showed a range of values for baking strength, with WH 1003 and WH 800 (51.33 cm 2 ) giving high values where as KYZ K2K-13 gave a low value of 39.33 cm 2 . The advanced lines, however, gave high values whereas the tall wheats and the commercially grown varieties showed low to medium range of values for baking strength. Glupro was observed to have a high value of 59 cm 2 . In second year the baking strength was found to vary from 37.33 cm 2 for PBW 502 to 53.33 cm 2 for PBW 550. The genetic stocks gave high values, whereas the commercial wheat varieties such as PBW 343 and DBW 16 gave baking strength values of less than 40 cm 2 . The advanced lines PBW 534 and PBW 554 gave a high value of 51 cm 2 , whereas, HI 1418 and HI 1479 gave a low value of 41.67 cm 2 . The released varieties with known quality and the tall wheats were once again found to have low to medium values of baking strength in this season also. The variation Kumar S. et al. / J. Appl. & Nat. Sci. 10 (2): 723 -740 (2018) Table 13 . Correlation matrix of the mixographic characteristics evaluated for cultivars and genetic stocks during second year. for the trait over the period of study was not much and the characteristic seems to be quite stable therefore it can be successfully utilized in screening of breeding materials. The baking strength of the lines in the recombinant populations was found to be normally distributed in all the three cases. Baking strength values higher than the better parent were recorded in most of the genotypes within population 'B' giving higher population mean than other two populations. In population 'A' the values of baking strength of the parents were observed to be 49 cm 2 and 36 cm 2 for C 273 and PBW 343 respectively. 17 genotypes out of 70 gave values in this parental range, whereas 53 genotypes gave values higher than that of C 273 and no genotypes was found to have value lower than that of PBW 343. In population 'B' the parental values of baking strength were observed to be 42 cm 2 and 50 cm 2 for C 306 and PBW 534 respectively. 3 genotypes out of 70 were found to range in between the parental values whereas 65 genotypes gave values of baking strength higher than that of PBW 534 and only 2 genotypes were found to have values lower than that of C 306. In population 'C' the parental range was observed to be narrow and the values of baking strength observed for C 518 and PBW 343 were 38 cm 2 and 37 cm 2 respectively. All the 80 genotypes in the population were found to have baking strength values higher than that of C 518. Rheological studies are being utilised extensively for the evaluation of flour quality (Vizitiu et al 2012) . Ahmed et al. (2015) studied physicochemical and rheological properties of soft wheat flours obtained from different wheat varieties grown in Pakistan, Ukraine and India. The rheological behaviour of Indian wheat flour showed high water absorption, high dough stability and less degree of softening. Our results are in line with the reports from literature. Genetic variation for starch pasting characteristics: Starch pasting characteristics, studied using Rapid Visco TM Analyser (RVA), include different parameters used to understand the viscoelastic properties of starch granules when subjected to high temperatures and mechanical shear. The pasting temperature provides an indication of the minimum temperature required to cook a given sample. Peak viscosity indicates the waterbinding capacity of the starch whereas final viscosity depicts the ability of starch to form a viscous paste after cooking and cooling. The hold viscosity indicates the ability of a sample to withstand the heating and shear stress. The higher peak and final viscosity values indicate the higher water holding capacity of starch which has a significant role in the baking quality. Breakdown and setback define the quality of the starch. The genotypes showed significant genotypic differences for all starch pasting characteristics studied during both seasons (Table 3 a and b). The mean performance of genotypes for various starch pasting characteristics is given in table 2 and 3. The starch pasting characteristics were also found to have significant genotypic differences in all the three populations (Table 6a , b and c). Whereas the mean performance of the genotypes for starch pasting characteristics is given respectively in table 7, table 8 and 8 for population 'A', 'B' and 'C'. The pasting temperature for the wheat starch was observed to vary between 67.07 o for PBW 550 and 69.90 o for PBW 534 in first year. The tall wheats and the advanced lines recorded higher pasting temperature in comparison to genetic stocks and commercial wheats. In second year the pasting temperature showed more variation with the values ranging between 68.57 o for 8A and 71.23 o for PBW 502. The genetic stocks, the commercial varieties and the advanced lines gave higher values. The tall wheats and the released varieties with known quality recorded values on lower side. The pasting temperature was found to show a lot of variation within and between the populations. The populations 'A' and 'C' were somewhat normally distributed and slightly skewed towards lower side. These populations gave non overlapping means for pasting temperature, whereas population 'B' was found to be skewed towards both the extremes. In population 'A' the values of pasting temperature obtained for the parents are 69.53 0C and 71.07 0C for C 273 and PBW 343 respectively. 4 genotypes out of 70 gave values in this parental range whereas 66 genotypes gave values lower than that of C 273 and no genotypes with a value more than that of PBW 343 was obtained. In population 'B' 12 geno- Kumar S. et al. / J. Appl. & Nat. Sci. 10 (2): 723 -740 (2018) K2K-13) were also recorded in this group. The commercial varieties and the advanced lines gave medium to high values of the peak viscosity in this season. In second year the observed values of peak viscosity ranged between 2623.00 cp for HI 1418 and 3800.00 cp for WH 1003. The genetic stocks showed high values in this season and the tall wheats gave values on lower side for peak viscosity. In tall wheats group 9D (3508.67 cp) and C 591 (3493.67 cp), whereas in released varieties with known quality group Lok 1 (3583.67 cp) and PBW 175 (3662.00 cp) gave higher values of peak viscosity. All the advanced lines, barring HI 1418 which gave 2623.00 cp, gave high values as was the case with commercial wheat varieties. However DBW 16 gave a value on lower side (2973.00 cp). The populations were found to have a wide range of variation as far as peak viscosity is concerned. The parental extremes as well as transgressive segregants on both sides were obtained in all the three populations. The peak viscosity of the parents of population 'A' was observed to be 3190.00 cp and 3399.00 cp for C 273 and PBW 343 respectively. 16 genotypes out of 70 were found to have peak viscosity in this parental range, whereas 31 genotypes gave values higher to that of PBW 343 and 23 genotypes gave values lower to that of C 273. In population 'B' 45 genotypes out of 70 were found to have peak viscosity values in the parental range of 2588.00 cp (C 306) and 3580.00 cp (PBW 534 .33 cp hold viscosity. All the three recombinant populations exhibited normal distribution for variation in hold viscosity. In population 'A' a large number of transgressive segregants were found to be on lower side where as their number was more on higher side in population 'C'. In population 'B' most of the variation for this trait was found to be lying in between the parental range with a few individuals being outside the range on both higher and lower sides. The parents of population 'A' C 273 and PBW 343 gave hold viscosity values of 2388.67 cp and 2828.67 cp respectively. 19 genotypes out of 70 gave values in this parental range, whereas 49 were observed to have lower value of hold viscosity than that of C 273. Only 2 genotypes were found to have values higher than that of PBW 343. In population 'B' the hold viscosity values of the parents were observed to be 1679.67 cp and 2528.33 cp for C 306 and PBW 534 respectively. 50 genotypes out of 70 gave values in this parental range with only 4 genotypes having higher values than that of PBW 534. 16 genotypes were observed to give hold viscosity values lower than that of C 306. In population 'C' the parental values for hold viscosity were observed to be 1227.67 cp and 1830.00 cp for C 518 and PBW 343 respectively. 40 genotypes out of 80 were observed to fall in this range whereas 34 gave higher values than PBW 343 and 6 genotypes gave values lower to that of C 518. The final viscosity of the set of genotypes in first year ranged between 1827.67 cp for WH423 and 4154.00 cp for PBW 534. The tall wheats recorded medium range of values except C 518 which gave a low value of 2414.67 cp. cp) . The advanced lines also gave high values with an exception of HI 1418. On the whole the final viscosity values during second year were much higher showing thereby that this character is affected by the environment to a great extent. A wide range of variation was observed for final viscosity in all the populations. The variation was found to be normally distributed in all the three cases. In populations 'A' and 'B' more number of lines were observed above the better parent where as in population 'C' almost all the variation was found to be on higher side of the better parent. The final viscosity values of the parents of population 'A' were observed to be 3914.67 cp and 4396.67 cp for C 273 and PBW 343 respectively. 37 genotypes out of 70 were observed to have final viscosity values higher than that of PBW 343 and 15 genotypes gave values lower than that of C 273 whereas 18 genotypes fell in the parental range. In population 'B' 18 genotypes out of 70 fell in the parental range of 3132.00 cp (C 306) and 4154.00 cp (PBW 534). 50 genotypes were having a final viscosity higher than that of PBW 534 whereas only 2 genotypes were found inferior to C 306. In population 'C' the parental values of final viscosity for C 518 and PBW 343 were observed to be 2414.67 cp and 3110.00 cp respectively. 72 genotypes out of 80 gave values higher than that of PBW 343 and 3 genotypes were found to have final viscosity lower than that of C 518. 5 genotypes gave values in the parental range. Breakdown values ranged from 844.00 cp for PBW 502 to 1606.00 cp for PBW 534 in first year. High values of breakdown were observed for all the tall wheats and the commercial wheat varieties except PBW 502 which gave lowest value in the season. The advanced lines also gave low to medium values with PBW 534 being an exception. The genetic stocks gave higher values with only WH 423 and KYZ K2K 13 showing low values of 954.33 cp and 1078.00 cp respectively. In second year the values of breakdown were found to range from 1126.33 cp for HI 1418 to 1976.00 cp for K 0123. The tall wheats and the genetic stocks gave high values in this season, whereas the commercial wheat varieties and the advanced lines gave low values of breakdown. Medium to high values of breakdown were however observed for the released varieties with known quality. The breakdown viscosity of the individuals in the recombinant populations was observed to be normally distributed and the individuals excelling above the better parent were found in large numbers. Most of the transgressive segregation was on higher side of the better parent. In population 'A' the values of breakdown viscosity observed for the parents were 1526.00 cp and 1568.00 cp for C 273 and PBW 343 respectively. Only 2 genotypes out of 70 in this population were observed to have breakdown viscosity in this parental range. 65 genotypes gave higher values than that of PBW 343 and 3 genotypes were found to have values below that of C 273. In population 'B' 66 genotypes out of 70 were observed to have breakdown viscosity more than that of PBW 534 (1606.00 cp) and only 1 genotypes gave values less than that of C 306, whereas 3 genotypes gave values in the parental range. In population 'C' the parents C 518 and PBW 343 were observed to have breakdown viscosity of 1292.33 cp and 1285.67 cp respectively. 77 genotypes out of 80 gave higher values of breakdown than that of C 518 and 3 genotypes gave values below the value of PBW 343. No genotype was however found to fall in the parental range. Setback is the difference between hold viscosity and the final viscosity. It determines the viscosity of the wheat flour paste on cooling and the final water holding capacity at a specified viscosity level. The values for setback ranged from 720.67 cp for WH 423 to 1415.67 cp for PBW 509 in first year. The tall wheats C 306 and C 518 were found to have lower values of 953.67 cp and 837.67 cp respectively, whereas C 273 (1030.33 cp) and C 591 (1056.67 cp) were found to have mediumhigh values of setback viscosity. Similarly the commercial wheat varieties PBW 343 (861.67 cp) and PBW 502 (766.33 cp) gave low values, whereas PBW 550 (1093.00 cp) and PBW 509 (1415.67 cp) gave medium and high values respectively. The advanced lines also gave medium to high values for setback, whereas the genetic stocks gave variable range of values in this season. The winter wheat, Glupro, however gave lowest value of 671.67 cp. In second year the values of setback viscosity incase of tall wheats were observed on same lines as in last season. C 306 (668.67 cp) and C 518 (661.00 cp) gave relatively lower values in comparison to C 273 (801.33 cp) and C 591 (938.67 cp). In commercial wheat varieties group PBW 343 and PBW 502 gave low values again in this season. DBW 16 in this group however gave lowest value of 340.00 cp. The highest value of setback in this season was observed to be 1019.67 cp for PBW 534 from ad-vanced lines group. The released varieties with known quality gave high values of setback, whereas the genetic stocks gave medium to high values except HD 2793 which gave a lower value of 526.67 cp. The genetic variation for setback viscosity in case of recombinant populations was found to be normally distributed in all the three cases. In all the populations the transgressive segregants were observed in large numbers on higher side with few showing values on lower side of the parental range. In population 'A' 69 genotypes out of 70 were observed to have setback values higher than that of C 273 (801.33 cp) and 1 genotype gave values in the parental range. However no genotypes with setback value lower than that of PBW 343 was observed in the population. In 'B' population the parental values of setback observed were 953.67 cp and 1019.67 cp for C 306 and PBW 534 respectively. 19 genotypes out 70 were found to have values of setback viscosity in the parental range whereas 36 genotypes gave values higher than that of PBW 534 and 15 genotypes gave values lower than that of C 306. In population 'C' the parents were observed to have the setback values of 837.67 cp and 889.00 cp for C 518 and PBW 343 respectively. 9 genotypes out of 80 were found to have values in this parental range whereas 66 genotypes gave higher values of setback than that of PBW 343 and 5 genotypes gave values lower than that of C 518. Correlation of different traits with chapati score: Association of traits studied with chapati score in set of cultivars and genetic stocks for two years as revealed by genotypic correlation coefficients is given in table 10 and 11 for starch pasting and in table 12 and 13 for mixographic characteristics. Starch pasting characteristics showed mild negative correlation with chapati quality, which is again contrasting, to the requirements of bread making. The correlations were not consistent over years possibly due to environmental factor and due to change in the constitution of the set. Similarly mixographic traits showed negative association chapati making quality. Thus unlike bread making strong dough is not suitable for chapati purposes or we can say that the genotypes chosen were having low mixing time (< 2 min) except for 'Glupro' in first year (3.10 min). This trend is reinforced by mild negative correlation observed for baking strength as well. Other mixographic traits did not seem to have clear implications for chapati quality. In general superior chapati quality wheats scored low for almost all the mixographic characteristics thus negative correlation as observed in one or the other season was expected. Consistent trends were however not observed possibly due to change in set constituents and differential environment prevailing in two seasons. Thus, the other set of quality parameters associated with bread making were seemed to be of no consequence for chapati making quality. A positive correlation trend has been reported earlier (Gupta et al 1993; Zhang et al 2008; Singh et al 2011) . The correlations which prevail in the populations carry much greater weight as these have persisted over several rounds of recombination and are likely to reflect under lying causes of superior chapati quality. As various components of chapati quality would be disassembled, the relative levels of correlations for individual traits would be uncovered. The present study in this regard represents an important advance as most of previous correlation studies were based on set of cultivars. The availability of single year data in case of populations is to some extent off set by the presence of three populations, namely A, B and C. Valuable correlation trends which extend across the three populations are summarized in table 14. Among the starch pasting characteristics, final viscosity and setback are consistently negatively associated with the chapati making quality. In case of the mixographic traits, mixing tolerance index is negatively associated whereas rate of dough development has consistent positive correlation with chapati quality.
Mixing time
Conclusion
The above trends have become visible due to availability of three parallel experiments on three recombinant populations. The bias in the correlation landscape generated by the set of cultivars and genetic stocks stands corrected in the aspects that two starch pasting and two mixographic traits have been identified to be associated with superior chapati quality. Chapati-making properties of flours from different wheat varieties is generally influenced with starch content and rheological properties of gluten. This study is one of its kind as it tries to explain the genetic basis of these traits based on recombinant populations. This work can further is used in wheat grain industry for producing wheat flour with specific characteristics as are desired for chapati quality.
